The ability of certain plants, invertebrates, and microorganisms to survive almost complete loss of water has long been recognized, but the molecular mechanisms of this phenomenon remain to be defined. One phylogenetically widespread adaptation is the presence of abundant, highly hydrophilic proteins in desiccation-tolerant organisms. The best characterized of these polypeptides are the late embryogenesis abundant (LEA) proteins, first described in plant seeds >20 years ago but recently identified in invertebrates and bacteria. The function of these largely unstructured proteins has been unclear, but we now show that a group 3 LEA protein from the desiccation-tolerant nematode Aphelenchus avenae is able to prevent aggregation of a wide range of other proteins both in vitro and in vivo. The presence of water is essential for maintenance of the structure of many proteins, and therefore desiccation stress induces unfolding and aggregation. The nematode LEA protein is able to abrogate desiccation-induced aggregation of the water-soluble proteomes from nematodes and mammalian cells and affords protection during both dehydration and rehydration. Furthermore, when coexpressed in a human cell line, the LEA protein reduces the propensity of polyglutamine and polyalanine expansion proteins associated with neurodegenerative diseases to form aggregates, demonstrating in vivo function of an LEA protein as an antiaggregant. Finally, human cells expressing LEA protein exhibit increased survival of dehydration imposed by osmotic upshift, consistent with a broad protein stabilization function of LEA proteins under conditions of water stress.
W
ater is essential for life, but some organisms survive desiccation and the dry state for long periods during which metabolism and life processes come to a halt, but resume on rehydration. Desiccation tolerance, or anhydrobiosis (''life without water''), is found across all biological kingdoms, including animals and plants such as the nematode Aphelenchus avenae and the resurrection plant Craterostigma plantagineum (1) (2) (3) . Investigations into the molecular mechanisms of desiccation tolerance have highlighted the importance of various hydrophilic proteins, chief among which are the late embryogenesis abundant (LEA) proteins (4) .
LEA proteins have been known for many years to accumulate in maturing plant seeds as they acquire desiccation tolerance (5, 6) , but their discovery in invertebrates (7) (8) (9) (10) (11) (12) (13) suggests that similar mechanisms govern anhydrobiosis in both animals and plants. LEA proteins are known to be largely unstructured in solution, probably because their extreme hydrophilicity favors association with water over intrachain interactions, but they can show increased folding when dried or when associated with phospholipid bilayers (14) (15) (16) . Although LEA proteins are widely held to protect cells against water stress, their precise role has been a puzzle since they were first described. Recently, evidence supporting possible functions has been obtained (6) , including in vitro data that some LEA proteins act to prevent other proteins aggregating during water loss, although not under heat stress. The enzymes citrate synthase and lactate dehydrogenase form insoluble aggregates when dried or frozen but are prevented from doing so in the presence of Aav-LEA1, a group 3 member from the nematode A. avenae, or the group 1 LEA protein, Em, from wheat (17) . Probably because of their hydrophilic, unstructured nature, LEA proteins themselves are not susceptible to aggregation on desiccation. Their antiaggregation activity could mean they represent a novel form of dehydration-specific molecular chaperone. An alternative, perhaps simpler, explanation is that LEA proteins behave as molecular shields, which prevent the approach and interaction of aggregation-prone protein species by steric or electrostatic repulsion, analogous to polymer stabilization of colloidal suspensions (6) .
Whether LEA proteins are molecular chaperones or molecular shields, we hypothesize that they have a physiological role in protecting a wide range of proteins against aggregation. We asked whether AavLEA1 is able to prevent desiccation-induced aggregation of a complex mixture of proteins, represented by the watersoluble proteomes of several species. Further, we tested whether this group 3 LEA protein showed antiaggregation activity in a living cell. To achieve this outcome, we used a spontaneously aggregating polyglutamine (polyQ) expansion protein derived from the huntingtin protein associated with Huntington's disease (HD). HD is a neurodegenerative disorder characterized by expansion of a trinucleotide (CAG) repeat in the huntingtin gene beyond the asymptomatic limit of 35 repeat units. Most adult-onset HD patients have CAG repeats in the range 40-50 whereas, in the juvenile form of HD, a CAG repeat number in excess of 55 is frequently observed. Higher order repeat lengths result in aggregation of N-terminal fragments of huntingtin, which form inclusion bodies in neural tissue (18) . Finally, we investigated whether expression of an LEA protein in mammalian cells was able to increase resistance to water stress. We will therefore present evidence for a protein stabilization activity for AavLEA1 both in vitro and in vivo, in both the dry and hydrated states, and highlight LEA proteins as key elements of the molecular toolkit required for desiccation tolerance.
stress by vacuum drying led to significant aggregation, as measured by a light scattering assay ( Fig. 1 A and B) . To determine whether a small subset or a broad range of proteins was susceptible to aggregation on desiccation, we separated the insoluble, aggregated proteins from the soluble fraction by centrifugation and then analyzed both fractions by SDS/PAGE. Very little protein was apparent in the pellet in control samples not subjected to desiccation stress, consistent with the light scattering results, but desiccation resulted in part of the protein sample becoming insoluble. The electrophoresis pattern was similar in both soluble and insoluble fractions, suggesting that most proteins form aggregates, but that not all molecules of any particular protein do so (Fig. 1C) . This result has also been observed previously when a single protein species, e.g., citrate synthase, is dried (17, 19) . Addition of the group 3 LEA protein at an approximate molar ratio of AavLEA1 to proteome of 5:1 reduced this aggregation to levels comparable with controls ( Fig. 1) . Similar results were obtained with water soluble total protein extracts from African green monkey COS-7 cells and the desiccation-sensitive nematode Caenorhabditis elegans [supporting information (SI) Fig. 7 A and B] . Other proteins do not prevent proteome aggregation; indeed some, such as histone 2A and alpha-casein, are aggregation-prone themselves (SI Fig. 7C ). Prevention of desiccation-induced aggregation by LEA protein was apparent by SDS/PAGE, which revealed little protein in the insoluble fraction (Fig. 1C) and this observation could be confirmed by quantitating the amount of protein in each fraction (SI Fig. 7D ). LEA protein itself fractionated in the supernatant in the desiccation experiment, i.e., it was not significantly incorporated into aggregates, as was apparent from the Coomassie-stained gel (Fig. 1C) and also from immunoblotting experiments (data not shown). Thus, LEA protein is able to reduce desiccation-induced aggregation of water-soluble proteomes from mammalian cell cultures and whole nematodes.
We tested LEA protein at molar ratios of 0:1, 1:1, 2:1, 5:1, and 10:1 to the human water-soluble proteome to determine the optimum amount required to prevent aggregation. Although a molar ratio of 1:1 did not offer appreciable protection, LEA protein at a ratio of 2:1 provided significant reduction in aggregation, and light scattering was reduced to control levels by AavLEA1 to proteome ratios of 5:1 or greater ( Fig. 2A) . These ratios are similar to those required for effective suppression of client protein aggregation by molecular chaperones in vitro (e.g., ref. 20) .
We next investigated whether the LEA protein exerts its protective effect during drying or during the rehydration process. Maximum reduction in protein aggregation was obtained when Aav-LEA1 was present during desiccation, but some protection was also afforded when the LEA protein was added during the rehydration period, at least up to 5 min after water was added to the dried protein (Fig. 2B ). This result indicates that a large fraction of the aggregation observed takes place during desiccation itself, but also that some aggregation must occur during rehydration and that this aggregation can be prevented by LEA protein in aqueous conditions. This observation is consistent with the interpretation that, although desiccation drives unfolding of many proteins, time is required for sufficient encounter events to take place to allow build up of large aggregates capable of scattering light. It is likely that the dry state is reached in drying experiments before adequate time has elapsed for all ''preaggregates'' to form large particles, but that this process continues once water is reintroduced.
In Vivo Antiaggregant Role of LEA Protein. The ability of AavLEA1 to prevent aggregation during rehydration of dried proteomes suggests that the LEA protein is also active in the hydrated state, and not just on desiccation. If so, this property should allow us to answer a key question about LEA protein function, namely, whether it has similar activity in living cells. We have approached this question by developing several inducible human cell lines expressing the A. avenae LEA protein. Aav-lea-1 gene expression is blocked by the TetR protein in these cell lines, but repression is removed by addition of tetracycline to the medium. Five different stable transformants were characterized (SI Table 1 ), and of these T-REx293-LEA15 showed the highest expression and was chosen for further studies. Immunofluorescence confocal microscopy using an affinity-purified polyclonal antibody on tetracycline-induced T-REx293-LEA15 cells showed AavLEA1 to be localized in the cytoplasm (Fig. 3A) . No or very little AavLEA1 was observed in the uninduced T-REx293-LEA15 cell line, and none in the parent T-REx293 cell line, with or without tetracycline; immunoblotting confirmed these results (Fig. 3B ). According to both rocket immunoelectrophoresis and ELISA analyses of the T-REx293-LEA15 cell line, AavLEA1 represents Ϸ1.4% of total soluble protein on induction. In the absence of tetracycline, the LEA protein represents only 0.02% of total soluble protein (SI Fig. 8 and SI Table 1) .
We tested for antiaggregation activity in T-REx293-LEA15 using a model protein, EGFP-HDQ74 (EGFP-tagged huntingtin exon 1 protein with 74 polyQ repeats), derived from the exon 1-encoded N-terminal region of huntingtin; this protein contains a 74-residue polyQ sequence, making it prone to spontaneous aggregation, and is fused to EGFP to allow visualization. When uninduced T-REx293-LEA15 cells were transiently transfected with a construct encoding EGFP-HDQ74, 13% of cells contained large aggregates after 24 h. However, if cells were induced to express AavLEA1 immediately after the transfection, only 5% developed EGFP-HDQ74 aggregates over the same time period, demonstrating a marked antiaggregation effect of the LEA protein in vivo (Fig.  4 A and B) . Odds ratio analysis from multiple experiments showed that the observed difference was highly significant (P Ͻ 0.0001; SI  Fig. 9A ). In control experiments involving transfection of T- REx293 with the EGFP-HDQ74 construct, there was no difference in numbers of aggregate-forming cells with or without sham induction by tetracycline (SI Fig. 10 ).
Because polyQ aggregates continue to develop over at least 48 h after transfection, we next asked whether AavLEA1 would also protect over this longer time frame. Indeed, whereas 24% of uninduced T-REx293-LEA15 cells contain large aggregates when viewed after 48 h, this proportion was reduced to 15% when LEA protein expression was induced (Fig. 4C and SI Fig. 9B) . In a further variation of this experiment, a similar reduction in the proportion of cells containing aggregates was obtained, i.e., from 26% to 17%, even when LEA protein expression was induced for only the last 24 h of the 48 h expression period of EGFP-HDQ74 (Fig. 4D and  SI Fig. 9C ). This result suggests that AavLEA1 has an inhibitory effect on the probability of EGFP-HDQ74 aggregate formation in cells over the 48-h period assessed.
An alternative possibility, however, is that the LEA protein instead accelerates clearance of aggregate-prone proteins from the cell, through one or both of the two main routes, i.e., the ubiquitinproteasome and autophagosome-lysosome pathways, which effect removal of EGFP-HDQ74 aggregates (21) . To test this hypothesis, we used pathway-specific inhibitors to block both routes, when any increase in aggregate clearance by AavLEA1 should be abrogated. T-REx293-LEA15 cells were transfected with the EGFP-HDQ74 construct and then LEA protein expression induced (or sham induced in the control) immediately afterward. At the same time, proteasome and autophagosome function were inhibited simultaneously by addition of lactacystin and 3-methyladenine (3MA), respectively (22) . In controls where LEA protein expression was not induced the clearance inhibitors led to an increase in numbers of aggregate forming cells, as expected. However, even in the presence of lactacystin and 3MA, LEA protein expression resulted in markedly reduced aggregation in the cell population ( Fig. 4E and SI Fig.  9D ). This observation is consistent with AavLEA1 preventing EGFP-HDQ74 aggregate formation, rather than enhancing removal of the aggregate-prone protein.
Finally, to determine whether aggregation of other proteins could be diminished, we introduced a construct encoding a polyalanine-GFP fusion protein, EGFP-A37, into T-REx293-LEA15 cells, with and without LEA protein induction. Expression of AavLEA1 was able to reduce the proportion of aggregatecontaining cells from 15% to 4% over the 48 h experimental period (Fig. 5) , showing that the LEA protein is also active against EGFP-A37 aggregation.
In Vivo Osmoprotective Role of LEA Protein. Given that AavLEA1 can act as a protein antiaggregant both in vitro and in vivo, and that the level of expression in the T-REx293-LEA15 cell line is comparable with the quantities of LEA proteins previously measured in cotton seeds (23), we asked whether this activity could improve the tolerance of T-REx293-LEA15 cells to water stress. After inducing AavLEA1 expression for 24 h, the cells were subjected to desiccation stress at 90% relative humidity (R.H.), and the survival rate determined over time. The levels of viability quickly decreased to Ϸ40% within 2 h, and all cells were dead after 8 h (SI Fig. 11 A) . With a milder drying stress of 98% R.H., Ϸ40% survival was observed after 24 h, but there were no live cells after 48 h (data not shown and ref. 24) . Identical results were obtained whether or not AavLEA1 expression was induced and therefore the LEA protein did not increase the tolerance of human cells to desiccation. This result is not particularly surprising, because it is probable that desiccation stress in human cells is too severe to be countered by a single modification.
To assess whether LEA protein would offer protection against a milder form of water stress, T-REx293-LEA15 cells were exposed to hyperosmotic shock by addition of 100 mM NaCl to the medium. Tetracycline-induced cells expressing AavLEA1 did indeed show a better survival rate compared with uninduced cells of the same cell line over a 48 h period (Fig. 6A) . In a control experiment, we also exposed T-REx293 (with and without tetracycline induction) to the same stress conditions and no difference in survival rate was observed (SI Fig. 11B ). To confirm that LEA protein expression in T-REx293-LEA15 cells improved osmotolerance, we also investigated the effect of other osmolytes such as mannitol, NaNO 3 , trehalose and sorbitol, with an osmotic upshift of Ϸ400 mOsm over a 24 h period, on the survival of induced and uninduced cells, and in all cases AavLEA1 expression significantly increased cell viability (Fig. 6B) . Osmolyte concentrations, which increased osmotic potential by Ͼ1,000 mOsm, led to cell death even when LEA protein expression was induced, however (data not shown). These data therefore show that although expression of a single LEA protein alone is insufficient to protect cells against extreme water loss, nevertheless it can improve viability in cases of moderate stress.
Discussion
Survival of desiccation and the dry state is one of the most intriguing phenomena in nature, but is far from fully understood. The nonreducing disaccharides, trehalose in animals and fungi, and sucrose (with various oligosaccharides) in plants, accumulate in diverse anhydrobiotic organisms before desiccation, and are thought to have a protective function either as water replacement molecules or vitrification agents in the dry state (1, 3) . Trehalose and other organic osmolytes also exert thermodynamic pressure to maintain proteins in their native conformation under hydrated conditions (25) and, recently, trehalose has been shown to stimulate autophagy (22) . Therefore, under stress conditions such as those imposed by water loss, trehalose could have a role in both prevention of protein denaturation and aggregation, and also in clearance of any aggregates that do form. However, nonreducing disaccharides are not an absolute requirement for anhydrobiosis, being absent from bdelloid rotifers (26, 27) , and apparently unnecessary in yeast (28) . Therefore, discovery programmes have been launched in a number of anhydrobiotic organisms to determine key genes and proteins important in desiccation tolerance. One recurring theme is the presence of a number of abundant, highly hydrophilic proteins in desiccation-tolerant organisms (e.g., ref. 29) , chief among which are the LEA proteins (5, 6) .
With one exception, all invertebrate LEA proteins identified to date are from group 3 (6) and the current picture therefore suggests that the other main classes of LEA proteins, group 1 and group 2, have functions of most benefit to plants. For example, group 1 proteins are highly seed-specific and might act as hydration buffers to slow dehydration rates during seed development (30) . However, because group 3 LEA proteins are common to both plants and animals, it is likely they confer a function essential for desiccation tolerance across a wide phylogenetic spectrum. Two putative roles have been attributed to group 3 LEA proteins: a membrane protection activity, because a pea seed mitochondrial protein is able to decrease fusion of liposomes subjected to drying in vitro (16) ; and the prevention of protein aggregation, first reported with single model proteins (citrate synthase, lactate dehydrogenase) exposed to desiccation or freezing (17) .
The demonstration here that complex mixtures of proteins (water-soluble proteomes from mammalian cell lines and nematodes) can also be protected from dehydration-induced aggregation in vitro shows that the effect is not restricted to a small subset of targets, i.e., that it is not obviously substrate-specific. This observation is consistent with a similar role for LEA proteins in anhydrobiotic organisms, where a large fraction of the proteome is likely to be susceptible to denaturation and aggregation due to desiccation. The data of Fig. 2B provide another previously undescribed finding, namely that a proportion of such aggregation takes place after rehydration, and that LEA proteins continue to offer protection after water is reintroduced. Therefore, LEA proteins have a broad protein stabilization function in both the dry and hydrated states.
The two roles of group 3 LEA proteins (prevention of both protein aggregation and membrane fusion) might not be mutually exclusive and could, indeed, be undertaken by a single polypeptide. Performance of more than one function, known as ''moonlighting,'' is not uncommon: e.g., a cyanobacterial small heat shock protein has both protein and membrane stabilization activities (31) . LEA proteins are examples of the large number of unstructured proteins that comprise 6-17% of the proteome and in which it has been argued that moonlighting is more likely to evolve than in conventional, folded proteins (32) . Indeed, AavLEA1 has some propensity to associate with phospholipid bilayers in vitro, which might indicate multifunctionality (33) .
Although folding of AavLEA1 increases on desiccation in vitro, it remains unstructured in solution (15) . Therefore, it is likely that the function of AavLEA1 in living cells is governed by the unfolded state. In turn, this property is consistent with the LEA protein behaving as a molecular shield rather than a molecular chaperone, because chaperones usually have defined secondary and tertiary structure. Both the protein and membrane stabilization functions of group 3 LEA proteins could be related if they behave as molecular shields: in the former case, they would prevent interaction between aggregation-prone proteins; and in the latter case, they would block close approach of fusogenic lipid bilayers, perhaps after association with membrane surfaces.
The availability of aggregation-prone proteins such as huntingtinderived EGFP-HDQ74 has allowed us to demonstrate antiaggregation activity of an LEA protein in a living system. Experiments with specific inhibitors confirm that this activity is as a result of reduced formation of aggregates, rather than increased clearance via the proteasome or autophagy. Previously, we had speculated that this activity would only be apparent in vivo under the excessively crowded conditions in a dehydrating cell (17) . However, the ability of a nematode LEA protein to reduce the likelihood of EGFP-HDQ74 and EGFP-A37 aggregate formation in fully hydrated cells shows that AavLEA1 is not a dehydration-specific antiaggregant, and neither does it require water stress to develop antiaggregation activity. Nevertheless, in desiccation-resistant organisms, LEA proteins might effectively only operate under water stress conditions because the expression of their genes is strictly regulated in many species either by developmental cues or by environmental conditions (5, 6) . In the nematode A. avenae, from which AavLEA1 derives, the cognate Aav-lea-1 gene is switched on by desiccation or hyperosmotic stress but is largely inactive under other conditions (34) .
When expressed in a human cell line, AavLEA1 is found in the cytoplasm, consistent with its location in the nematode (35) , and this expression pattern is sufficient, under the mild water stress conditions of up to a 400 mOsm increase in medium osmolarity, to improve cell viability by Ϸ10% over controls. Protection against more extreme water loss imposed by a Ϸ1,000 mOsm upshift or by desiccation might result from extending LEA protein expression to other compartments in the cell, or by combination with, for example, the capacity to synthesize trehalose (36) . Thus, our results offer insight into one of the protective mechanisms in anhydrobiosis, namely protein stabilization, but also highlight a potentially important component for anhydrobiotic engineering of desiccationsensitive cell types to full desiccation tolerance (37) .
Materials and Methods
Mammalian Cell Lines. T-REx293 (Invitrogen), T-REx293-LEA15, and COS7 were grown at 37°C in a 5% CO 2 , 100% relative humidity atmosphere in DMEM with 10% FBS, 5 mM glutamine, 500 units/ml penicillin, and 0.5 mg/ml streptomycin (Sigma, Poole, U.K.). For T-REx293, 5 g/ml blasticidin (Invitrogen, Paisley, U.K.) was added. The T-REx293-LEA15 cell line was constructed after cloning an Aav-lea-1 cDNA with C-terminal myc and His 6 tags into a modified pcDNA4/TO vector (Invitrogen) with the zeocin resistance cassette replaced by hygromycin resistance. Stable transfection was performed by using GeneJammer (Stratagene, La Jolla, CA) according to the manufacturer's instructions. Selection and maintenance of T-REx293-LEA15 was in 5 g/ml blasticidin and 50 g/ml hygromycin. For transient transfections, 0.75 g of pEGFP-HDQ74 (38) or pEGFP-A37 (39) plasmid was introduced into cells by using GeneJammer, and expression was allowed to proceed for 24 or 48 h. For Aav-lea-1 induction, 10 g/ml tetracycline, or equivalent volume of 100% EtOH as control, was added. To inhibit the ubiquitin-proteasome and autophagosome-lysosome pathways, 10 M lactacystin and 10 mM 3MA were added, respectively.
Protein Extraction from Mammalian Cell Cultures. PBS-washed pellets from cell lines were lysed on ice in lysis buffer (10 mM Tris⅐HCl, pH 6.8/68.5 nM NaCl/0.5 mM EGTA/0.5% Triton X-100/5% glycerol) for 30 min in the presence of Complete protease inhibitor (Roche Diagnostics, Burgess Hill, U.K.). The lysate was dialyzed overnight in distilled water at 4°C and centrifuged at 15,000 ϫ g (30 min, 4°C) before use. Protein concentration was determined spectrophotometrically (A280).
Protein Extraction from Nematodes. A. avenae and C. elegans were grown as described (15), harvested, suspended in 100 l of lysis buffer (50 mm Tris, pH 7.5/75 mM NaCl/15 mM EGTA/15 mM MgCl 2 /1 mM DTT/0.1% Tween 20/60 mM ␤-glycerophosphate/1ϫ phosphatase inhibitor/Complete protease inhibitor) and sonicated (30 times, each 10 s; 20 s on ice between each sonication). Lysates were centrifuged at 15,000 ϫ g (30 min, 4°C). Supernatants were collected and dialyzed as above before use. Water soluble protein concentration was determined by using a DC kit (Bio-Rad, Hemel Hempstead, U.K.).
In Vitro Protein Desiccation. Recombinant AavLEA1 protein was made as described (15) and dialyzed into water before use. For vacuum drying, 0.15 mg of water-soluble proteomes in 200-l volumes, with or without AavLEA1 (at molar ratio of 5:1 unless stated otherwise; molarity of proteomes was estimated assuming average M r 50,000), were first degassed for 10 min in an Eppendorf 5301 vacuum concentrator and then dried without freezing in a vacuum tray drier, and aggregation was assessed by measuring apparent absorption at 340 nm in a spectrophotometer as described (17) . Controls were not dried. Average and standard deviations are shown, and statistical relevance was determined by one-way ANOVA and Tukey post hoc test using InStat3 (GraphPad Software, San Diego, CA). For gel analysis, rehydrated samples and controls were centrifuged at 15,000 ϫ g (30 min, 4°C), supernatant was removed, and the pellet was dissolved in 11 l of water; 9 l from each fraction was used for SDS/PAGE as described (15) .
Immunochemistry. Cells grown on coverslips in six-well Petri dishes were washed once in PBS, fixed in 4% paraformaldehyde, washed again twice in PBS, blocked with 3% BSA/PBS for 30 min, and incubated with anti-AavLEA1 rabbit polyclonal antibody (15) at 1:50 in 3% BSA/PBS for 1 h. Controls without primary antibody were also performed. After a further three PBS washes, cells were incubated in secondary antibody [goat anti-rabbit IgG, Cy3 conjugate (Amersham, Little Chalfont, U.K.), or goat anti-rabbit IgG, FITC conjugate (Pierce, Rockford, IL)] at 1:100 in 3% BSA/PBS for 1 h. Cells were washed three times more in PBS and mounted in 15 l of Vectashield containing 1.5 g/ml DAPI (Vector Laboratories, Peterborough, U.K.). Immunoblotting with antiAavLEA1 polyclonal antibody was as described (15) .
Cell Stress and Viability. Osmotic stress was imposed by addition of osmolytes to growth medium at concentrations indicated. Viability was assayed by using CellTiter 96 AQ ueous One Solution Cell Proliferation Assay (Promega, Southampton, U.K.), according to the manufacturer's instructions. Typically, six replica wells were used for each experimental combination. Triplicate wells containing only DMEM and cell proliferation reagent were used to determine average background A490 of growth medium, which was subtracted from other readings. Viability was expressed as a percentage of the metabolic rate of a control population of cells not subjected to stress. Each viability experiment was repeated at least twice. Significance was determined by using the Student t test between paired values.
In Vivo Aggregation Assay. Approximately 200 EGFP-positive T-REx293-LEA15 cells were counted in each uninduced sample, whereas Ϸ200 EGFP-positive cells coexpressing AavLEA1 were counted in each induced sample. Images were acquired with a Zeiss (Welwyn Garden City, U.K.) LSM510 META confocal microscope (ϫ63, 1.4 N.A. PlanApochromat objective) with Zeiss LSM 510 v3.2 software. Aggregate-containing cells were scored as percentages and P values were determined by logistic regression analysis (estimated odds ratio and 95% confidence intervals) using SPSS software (SPSS, Chicago, IL) as described (21) . Also see SI Fig. 9 legend.
